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Fig.1   Simulation domain and boundary conditions 
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Fig.2  Interface shape of isotherms around the phase field at 

various forced flow: (a) 0.01; (b) 0.06; (c) 0.09; (d) 0.16; 

and (e) 0.20 
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Fig.3  Tip relative steady velocities versus time for upstream, 

perpendicular and downstream dendritic arms 
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Fig.4  Interface shape of isotherms around the phase field for 

Ud

0

/α=0.091at various undercooling: (a) –0.15; (b) –0.25; 

(c) –0.35; (d) –0.45; and (e) –0.55 
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Fig.5  Tip velocities versus time for different dendritic arm 

directions at various undercooling: (a) upstream; (b) 

perpendicular; and (c) downstream 

 

 

 

 

 

 

 

 

 

 

� 6  �AB��678�$9:�;<E?@;=>� 

Fig. 6  Tip relative steady velocities versus negative undercooling  

for different dendritic arms directions 
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Fig.7  Interface shape of isotherms around the phase field for 

Ud

0

/α=0.09�at various coupling parameter: (a) 1.596; (b) 

3.192; (c) 4.787; (d) 6.383; and (e) 7.979 
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Fig. 8  Tip relative steady velocities versus coupling parameter 

for different dendritic arms directions 

 

���������	
�

UV γWXY/Z[\�W\]^_[\`^ab

<cdeF�fghijklij�mnJ�oNp

q[\�`^a;<d�rseF�γ tu����

��;<

[21]

  

! 9"#$ 0.09�%&b<cdv'�()*+

,������! B�b<cdv�C����w

�x���yz{�|��� } γ=0 ~��#`�

�'�����"�x�

[22]

����#`����3

#;<���4��6G��B�b<cdv�C��

I������� ! 10"%&;<��4DELM

$FNb<cdvOP! -!
01 3 ;<��

�4DE��LM$FB�b<cdv�C�n��

C�������Rb<cd 0.06 N 0�3#4DE

��LM$FC�� 1.15T�9:4C� 0.64T�?

#4C� 0.51T  

 

 

 

 

 

 

 

 

 

 

 

 

 

 9  Ud

0

/α=0.09���-"./ γ����������� 

  

Fig.9  Interface shape of isotherms around the phase field for 

Ud

0

/α=0.09, at various anisotropy parameter: (a) 0;  (b) 

0.02; (c) 0.04; and (d) 0.06 
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Fig. 10  Tip relative steady velocities versus anisotropy for  

different dendritic arms directions 
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Effect of Phase Field Parameters on the Dendritic Growth in a Forced Convection 

 

Chen Zhi, Chen Changle, Hao Limei  

(Northwestern Polytechnical University, Xi ‘an 710072, China) 

 

Abstract: Numerical simulation based on the phase field method is developed to describe the solidification process of pure material in a 

forced convection. The effects of forced convection, undercooling, coupling parameter and anisotropy on the dendritic growth are 

investigated. These results indicate that the crystal grow exhibits an asymmetrical dendritic in a forced convection. The upstream arm tip 

growth is promoted and inhibited on the downstream arm, while restrained for the perpendicular arm. With the increase of undercooling, 

coupling parameter and anisotropy, the dendritic arm growth velocities increase in the three different directions.  

Key words: phase field method; dendritic growth; tip velocity; undercooling; coupling parameter; anisotropy 
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